In human KB cells productively infected with adenovirus type I2 (Adi2) the kinetics of synthesis of AdI2-specific RNA were investigated. Using 2 h labelling periods, striking differences were observed in the time course and the rate of synthesis of virus RNA comparing the nuclear, cytoplasmic and polysomal RNA fractions. A protracted onset of virus RNA synthesis was followed by an exponential increase between 15 and 4o h p.i. ; reaching a maximum at 4o to 45 h p.i., the fraction of the newly synthesized Adi2-specific RNA remained constant up to 66 h in the nucleus, but decreased in the cytoplasm. Characteristic patterns were found in the size distribution of AdI2-specific messenger RNA synthesized early and late in the infection cycle. By using IO min labelling periods, the size distribution and the degree of polyadenylation of the primary transcripts were determined. Early in infection, the size distribution of the virus-specific nuclear RNA resembled that of the mRNA, whereas late after infection most of the label was found in high mol. wt. RNA sedimenting between 3o and 55S. Eighty percent of the nuclear RNA was polyadenylated and belonged to the high mol. wt. RNA class. During the early phase of infection, approx. 2o ~/o of the virus genome was found to be transcribed symmetrically, and later after infection the entire AdI2 genome. Symmetrical (self-complementary) transcripts were preferentially derived from the terminal parts of AdI2 DNA.
INTRODUCTION
The expression of the adenovirus genome in eukaryotic cells requires a series of complicated steps some of which have been elucidated (for review, see Darnell, I979) . Different parts of the virus genome are transcribed at early and late times p.i. The cellular RNA polymerase II is presumably responsible for the production of most of the virus-specific RNA (Price & Penman, 1972; Wallace & Kates, I972; Weinmann et al. I974) . The primary adenovirus-specific transcription products in the nucleus are of high mol. wt. (hn RNA), and these molecules are subsequently processed into distinct size classes of messenger RNA (Bachenheimer, I977; Evans et al. I977; Goldberg et al. 1977; Weber et al. I977) . Apart from this reduction in size, processing of the high mol. wt. virus RNA in the nucleus involves modifications at the 3'-and 5'-termini of the RNA chains. A Ioo to I5o residue sequence of polyadenylic acid is added post-transcriptionally to the 3'-terminus (Philipson et al. 1971 ) and the 5'-end is modified (capped) by the addition of an m 7 G(5')ppp (5')Nm or m ~ G(5')PPp(5') meAmpN m structure (McGuire et al. I976; Moss & Koczot, 1976) .
Although the enzymic steps responsible for the conversion of the high mol. wt. virusRNA to messenger RNA are still unresolved, the long enigmatic processes of how hn RNA is converted into messenger RNA has been clarified to some extent by the discovery of RNA splicing (Berget et al. I977; Chow et al. I977; Gelinas & Roberts, I977; Klessig, 1977) . The 5'-ends of the different late adenovirus type 2 messenger RNAs carry approx. 2oo nucleotides which are not complementary to the adjoining DNA sequences comprising the body of the late messenger RNA. Rather, the 5'-terminal sequences are complementary to the same three distant sites located at 16.6, 19"6 and 26.6 physical map units (Berget et al. 1977; Chow et al. 1977; Gelinas & Roberts, 1977; Klessig, 1977) . Similar observations have been reported for the early virus RNAs (Kitchingman et aL 1977) .
The splicing reaction has recently been recognized as having more general significance. In addition to the adenovirus system, there is evidence that splicing plays a role in the production of SV4o messenger RNA (Aloni et al. I977; Hsu & Ford, 1977; Berk & Sharp, 1978; Villareal et al. I979) , haemoglobin (fl chain) messenger RNA (Jeffreys & Flavell, 1977; Tilghman et al. I978) , immunoglobulin (light chain) messenger RNA (Tonegawa et al. I978) , RNA tumour virus messenger RNA (Rothenberg et al. 1978) , ovalbumin messenger RNA (Breathnach et al. I977 ) and of yeast tyrosyl and phenylalanyl tRNAs (Knapp et al. 1978) .
Previous studies with the adenovirus system have revealed that during the early phase of infection, four separate regions of the virus genome are transcribed into 5 to 13 different messenger RNA species (Philipson et al. 1974; Sharp et al. I974; Craig et al. 1975; BiJttner et al. 1976; Lewis et al. I976; Ortin et al. 1976; Berk & Sharp, 1977b) . Late in infection, the entire virus genome is transcribed (Philipson et al. I974; Sharp et aL 1974; Smiley & Mak, I976; Scheidtmann & Doerfler, 1977) . By hybridization of separated size classes to restriction endonuclease fragments of virus DNA (McGrogan & Raskas, 1977) and by in vitro translation, at least 13 messenger RNA species have been characterized (Lewis et al. I977; Esche et al. I979) .
The distinction between early and late phase virus gene expression has provided a useful operational classification of the transcriptional events in DNA virus-infected cells. However, this somewhat simplified schematic concept does not sufficiently consider more complex regulatory mechanisms which may effect the stepwise expression of the different virus functions.
In the present communication we have analysed further the production of virus-specific RNA in KB cells permissively infected by adenovirus type I2 (AdI2). We have been continuing a detailed analysis of Ad t 2 in different systems since a considerable number of Ad 12-transformed cell lines have been extensively studied (Ortin et al. I976; Sutter et al. 1978) . It is, therefore, necessary to elucidate the expression of early and late virus genes in productively infected cells as well.
AdI2 grows best in human embryonic kidney cells and the KB cell system might be considered a somewhat less permissive system. We have not compared the kinetics of transcription in these two cell systems but rather concentrated on the KB cell system.
METHODS
Cell lines and virus. Human KB cells (CCL r 7) were obtained from the American Type Culture Collection and were propagated in monolayer or suspension cultures in Eagle's medium supplemented with Io% foetal calf serum (Flow Laboratories, Bonn, Germany of KB cells and the purification of the virus have been described previously (Doerfler, I969) . Isolation of virus DNA and of restriction endonuclease fragments of virus DNA. Ad 12 DNA was extracted from CsC1 purified virions by the method described elsewhere (Doerfler et al. I972 ) . In some experiments Pronase B was supplanted by proteinase K. AdI2 DNA was cleaved with the EcoRI or BamH-I restriction endonuclease according to published protocols. The fragments generated were isolated by electrophoresis in composite agarosepolyacrylamide gels as described earlier (Ortin et al. 1976) . The complementary strands of the restriction enzyme fragments of Ad 12 DNA were separated by polyuridylic-polyguanylic acid [poly(U). poly(G)] binding and equilibrium sedimentation in CsCI density gradients (Ortin et al. I976) .
Isolation of RNA from mock-infected or AdI2-infected cells. The procedures for the isolation of RNA from unlabeUed or pulse-labelled cells have been described earlier (Ortin & Doerfler, 1975; Ortin et al. 1976) . In brief, the cells were lysed in 0"5 ~o NP4o, o" 15 M-NaC1, o.ooi 5 M-MgC12, o.oi M-tris-hydrochloride, pH 8"5, and cytoplasm and nuclei were separated by low speed centrifugation. From the cytoplasmic fraction, the polysomes were isolated by zone velocity sedimentation in 7 to 47 ~o sucrose density gradients. The RNA was extracted from the polysomes and the messenger RNA was purified by affinity chromatography on polyuridylic acid-[poly(U)]-Sepharose columns. The RNA sedimenting in sucrose gradients more slowly than the ribosomal peaks was considered to represent free cytoplasmic RNA. Nuclear RNA was extracted according to the method of Holmes & Bonner (I973) , and the DNA was digested by pancreatic DNase I which had been pre-treated with iodoacetate according to the protocol of Zimmermann & Sandeen (I966).
Preparation of self-complementary RNA. Upon digestion with pancreatic DNase I, the RNA extracted from isolated nuclei was re-annealed in i M-NaCI at 68 °C for 2 to 3 days. Subsequently, the re-annealing product was incubated with SI nuclease under the conditions of Vogt (I973) or with RNase A in 0-3 M-NaCI, 0"03 M-Na-citrate. The doublestranded RNA was separated from digestion products by gel filtration on Sephadex G 50 columns (x cm diam. x 3o cm) in 0"o5 M-NaCI, o-oo 5 M-Na-citrate.
Size analyses of messenger and nuclear RNA. Isolated messenger RNA was analysed for size distributions by electrophoresis in 3"2~ polyacrylamide gels in 98~ formamide, 0.02 M-Na-phosphate, pH 6"8 (Duesberg & Vogt, I973). The size of nuclear RNA was determined by zone velocity sedimentation in 5 to 20 ~ sucrose density gradients in 50 formamide, o.I M-LiCI, o'005 M-tris-hydrochloride, pH 7"5, 0-0o5 M-EDTA and o-2~o SDS (buffer A). Prior to sedimentation, nuclear RNA was denatured in 9o~ formamide in buffer A at 37 °C for 5 min, cooled to o °C and diluted with an equal vol. of buffer A (Anderson et al. 1974) . In all size determinations, 18S and 28S ribosomal RNA from BHK2i cells labelled with 14C-Na-formate, was used. Ribosomal RNA was isolated as described previously (Ortin & Doerfler, 1975) .
Determination of the amount of Ad12-specific RNA by DNA-RNA hybridization. In all kinetic investigations the fraction of Ad~z-specific RNA was measured by saturation hybridization (Lucas & Ginsberg, I97Q . When the size of virus-specific RNA was assessed by zone velocity sedimentation or by electrophoresis, Adi2-specific RNA was detected by hybridizing the RNA of individual gradient or gel fractions to excess amounts (4/zg) of Adx2 DNA immobilized on nitrocellulose membranes. Details of this procedure have been published (Ortin & Doerfler, 1975) . Upon self-hybridization and SI nuclease or ribonuclease A treatment, the amount of self-complementary RNA was determined by hybridization to the isolated strands of intact 3H-labelled Adi2 DNA or to the isolated strands of restriction endonuclease fragments of AdI2 DNA. The hybridization reactions were carried out in liquid phase and the hybridization products were analysed after S 1 nuclease treatment and precipitation with trichloroacetic acid
20 40 60 Time, h p.i. Fig. I . Time course of Adlz-specific RNA in polysorne associated, in free cytoplasmic, and in nuclear RNA. KB cells growing in monolayers were infected with Ad 12 (50 p.f.u./cell) and labelled with 5-3H-uridine (200 #Ci/ml) at time intervals 2 to 4 h, 6 to 8 h, Jo to 12 h, I3 to I5 h, 20 to 22 h, 40 to 42 h, 64 to 66 h p.i. The nuclear, the polysome associated and the free cytoplasmic RNA fractions were prepared as described in the Methods. Constant amounts of SH-labelled RNA were hybridized with increasing amounts of Ad 12 DNA bound to nitrocellulose membranes. The RNase resistant, filter-bound 3H activities were determined. The data were analysed according to the procedure of Lucas & Ginsberg (I97I) . From the reciprocal plots the proportions of newly synthesized Adi2-specific RNA were calculated. The actual data obtained are summarized in Table I .
free cytoplasmic RNA; A--.--A, nuclear RNA. 25"5 * In the RNA from the uninfected control 20 to 25 ct/min were found to hybridize to Adl2 DNA. This value has been subtracted from all numbers presented, t n.a., Not analysed.
(Ortin et al. I976). Radioactivity was measured in dried samples or in liquid phase using a toluene-based or toluene-methanol (I : x) scintillator as detailed earlier (Ortin & Doerfler, I975).

RESULTS
Kinetics of synthesis of AdI2-specific RNA in productively infected KB cells
The synthesis of Adiz-specific RNA in productively infected cells was followed from z to 66 h p.i. Adl2-infected KB cells were pulse-labelled with 3H uridine for z h intervals at different time periods p.i. The nuclear, the polysome-associated and the free cytoplasmic RNA fractions were isolated and analysed for the proportion of AdIz-specific sequences by DNA-RNA filter hybridization. Constant amounts of 8H-labelled RNA were hybridized to increasing amounts of Adiz DNA. Using the method of Lucas & Ginsberg (I97I) , the fraction of AdI2-specific RNA synthesized during each labelling period was calculated (Fig. I , Table I ). During the first Io to 15 h p.i., there is a very protracted onset of virus RNA synthesis, followed by an exponential increase in synthesis between I5 and about 40 h p.i. Maximal rates of virus RNA synthesis in all three fractions monitored were attained 40 to 45 h p.i. Thereafter, the rate of synthesis of Adt2-specific RNA remained constant for the nuclear RNA fraction up to 66 h p.i., whereas in the polysome-associated and free cytoplasmic RNA fractions, the relative amounts of newly synthesized Adr2-specific molecules declined. It is also apparent from the data in Fig. I that the amount of virus-specific RNA increases faster in the cytoplasmic than in the nuclear and polysomal fractions. The onset of synthesis of cytoplasmic RNA precedes that of the nuclear and polysome-associated RNA. Thus, this fraction of cytoplasmic RNA appears to be transported out of the nucleus extremely efficiently.
Size class analysis of AdI2-specific messenger RNA Characteristic size classes of Adi2-specific messenger RNA have been described to occur both early and late p.i. (Scheidtmann et al. I975) . We have now investigated more systematically the different size classes of virus messenger RNA at various times p.i. (Fig. 2) . Fig. 3 -Size class analysis of nuclear RNA early in infection. KB cells growing in monolayers were infected with AdI2 and were labelled with aH-uridine (2oo/zCi/ml) at 2 to 4 h p.i. The nuclear RNA was isolated as described in the Methods, denatured in 9o ~ formamide and sedimented in a 5 to 2o ~ sucrose density gradient in 5o 9/oo formamide, buffer A (see the Methods) in an SW 56 Beckman rotor at 48ooo rev/min and 4 °C for 5 h. The size distribution of the total nuclear RNA (0---0) was determined by counting 5 #l samples of all fractions; AdlE-specific sequences (© O) were detected by hybridization to Adi2 DNA immobilized on membrane filters. The vertical arrows indicate the positions of 28S and 18S ribosomal and of 5S marker RNAs.
At 2 to 4 h p.i., distinct size classes of virus RNA could not be detected (Fig. 2a) (Fig. 2c, 2d) , i.e. long after the onset of virus DNA synthesis at I2 to 14 h p.i. (Mak & Green, r968; Scheidtmann et aL I975) . A new pattern characteristic of late virus messenger RNA emerged only later than 22 h p.i. (Fig. 2e) and was still discernible quite late in the infection cycle, 64 to 66 h p.i. (Fig. 2f) .
AdI2-specific RNA in the nucleus
The analysis of the polysome-associated, polyadenylated RNA from AdI2-infected KB cells revealed that, at very early times after infection, distinct patterns of stable virus messenger RNA could not be detected and that the appearance of the size class distribution pattern characteristic of late virus messenger RNA is delayed until many hours after the onset of virus DNA synthesis. It was, therefore, also necessary to analyse the nuclear RNA for the occurrence of characteristic size distributions of AdI2-specific RNA possibly preceding in time the appearance of specific classes of messenger RNA.
A distinct pattern of AdI2-specific RNA was found in the nucleus as early as 2 to 4 h p.i. (Fig. 3) . However, the size class pattern of Adi2-specific nuclear RNA was quite different from that of virus messenger RNA in that at early times after infection, a major peak sedimenting at I2 to I4S was observed. It is conceivable that the I2 to I4S RNA serves an important function in the early expression of the virus genome and, in any event, represents one of the earliest transcription products.
Nuclear RNA labelled for 2 h with 3H-uridine at different time intervals p.i., on the other hand, showed a size class distribution similar to that of messenger RNA.
Size determination of the primary transcription products
In order to obtain an estimate of the size distribution of the primary transcription products in mock-infected or AdI2-infected cells, the infected cells were pulse-labelled for I0 min with 3H-uridine (200 #Ci/ml) at different times p.i. Subsequently, the nuclear RNA was Fig. 4a) and in Adi2-infected cells at 8 h p.i. (Fig. 4b) , the bulk of the high mol. wt. nuclear RNA sediments at about 45S relative to ribosomal RNA markers. Later, at 28 h (Fig. 4c ) and 60 h p.i. (Fig. 4d) , the nuclear RNA was found to be of considerably smaller size. Distinct size distributions of AdI2-specific nuclear RNA could be recognized by DNA-RNA filter hybridization experiments. At 8 h p.i., the size of the Ad 12-specific nuclear RNA (Fig. 4b) was comparable to that of the early messenger RNA (c.f. Fig. 2 b) ; also the pattern of the size distribution of nuclear RNA resembled that of messenger RNA. However, the AdI2-specific sequences isolated from the nuclei of infected cells at 28 h p.i. (Fig. 4c) higher mol. wt. than Ad ] 2-specific messenger RNA extracted at the same time. A number of distinct, AdI2-specific size classes could be observed at 55S, 5oS, 48 to 43S and 35 to 32S for the nuclear RNA, whereas upon similar sedimentation analysis, messenger RNA yielded peaks at 28S, 24S, 2oS and 18 to IoS.
A comparison of the sedimentation profiles of AdI2-specific RNA isolated 28 h (Fig. 4c ) and 6o h p.i. (Fig. 4d ) reveals that at very late times, virus RNA is of lower mol. wt. It is possible that at late stages in the infection cycle the RNA becomes more susceptible to degradation.
Polyadenylation of pulse-labelled, AdI 2-specific RNA in the nucleus
We have investigated to what extent the newly synthesized virus RNA in the nucleus becomes polyadenylated. RNA from Ad[z-infected cells was pulse-labelled for ro min, the nuclear RNA was extracted and the polyadenylated RNA molecules were selected by affinity chromatography on poly(U)-Sepharose. Regardless of the time p.i. 8o% of the RNA labelled during such short pulses contained polyadenylic acid sequences. Size analysis of these molecules by zone velocity sedimentation under denaturing conditions (5o% formamide) revealed that the virus specific RNA molecules carrying polyadenylic acid sequences sedimented predominantly in the high tool. wt. region of the gradient both early (Fig. 5b) and late p.i. (Fig. 5d) . On the other hand, the AdI2-specific RNA lacking polyadenylic acid tails represented molecules smaller than IoS (Fig. 5a, c) . The size distribution of the total RNA in these gradients (Fig. 5) followed a very similar pattern.
The class of low mol. wt., AdI2-specific RNA devoid of polyadenylic acid residues (Fig. 5a, c) 
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Are parts of the virus genome transcribed symmetrically?
In Adz-infected cells, some of the virus-specific nuclear RNA was found to be selfcomplementary, i.e. both strands of certain segments of the virus DNA were transcribed symmetrically (Pettersson & Philipson, I974) . We have determined to what extent and in which parts Adi2 DNA is transcribed symmetrically. The results presented have no bearing on the question of whether both strands are transcribed simultaneously or at different times during the infection cycle. Unlabelled nuclear RNA which had been extensively pretreated with RNase-free DNase, was self-annealed under conditions outlined in the Methods. Subsequently, the RNA was treated with single-strand specific nuclease $1 or RNase, and, after phenol extraction, the undigested double-stranded RNA was isolated by gel filtration. The double-stranded RNA was then denatured and hybridized in liquid phase to the ZH-labelled isolated strands of intact AdIz DNA or of restriction endonuclease fragments of Adiz DNA The extent of hybridization was followed by $1 digestion and acid precipitation of the labelled DNA-RNA hybrids. Undenatured double-stranded RNA and RNA degraded by alkali served as negative controls.
The self-complementary RNA isolated from nuclei of AdIz-infected cells at 8 h p.i. hybridized to about 2o~ of either Adlz DNA strand (Fig. 6a) . By self-complementary RNA extracted late, 45 h p.i. both the complete L-and R-strands of Adlz DNA were converted into hybrid form (Fig. 6b) .
The self-complementary RNA was next mapped on the Ad~2 genome by performing saturation hybridization experiments using increasing amounts of denatured self-complementary RNA and constant amounts of the isolated L-or R-strand of the EcoRI or BamH-1 restriction endonuclease fragments of Ad 12 DNA (Fig. 7) . In this analysis, we have used the isolated strands of the EcoRI C, D, B, E and F fragments subdividing the left o'63 fractional length units and the BamH-I C*, B and E fragments comprising the remaining o'37 fractional length units on the right terminus of the AdI2 DNA molecule (Fig. 8). (The BamH-I C* fragment was obtained by cleaving the isolated BamH-I fragment C with the EcoRI restriction endonuclease- Fig. 8 .) The self-complementary nuclear RNA isolated early, 8 h p.i. hybridized predominantly to (both strands of) the BamH-I fragments C*, B, and E and the EcoRI fragment F (Fig. 7a) 
DISCUSSION
The analysis of virus-specific RNA synthesis by pulse-labelling and hybridization experiments revealed three distinct phases of transcriptional activities: an early phase of slow increase of AdI2-specific RNA, an intermediate phase of rapid increase and a late phase in which virus RNA synthesis has reached ~a steady state. Similar results have been described previously by Mak & Green (I968) . The slight increase during the early phase of the infection cycle may be due to virus-specific factors stimulating and promoting the preferential transcription of virus sequences. The existence of such a factor has been postulated by Weinmann et al. (1976) . The multiplication of virus DNA eventually serving as template for late transcription may be responsible for the exponential increase of RNA synthesis during the intermediate phase of the replication cycle.
The separate analysis of the different subcellular fractions revealed remarkable differences in the time course of RNA synthesis in the nucleus and the appearance of the newly synthesized RNA in the cytoplasm: the increase in the relative amount of newly synthesized Adi2 RNA in the cytoplasm precedes that in the nuclear RNA fraction. Transport of RNA into the cytoplasm therefore does not seem to be a simple function of the concentration of certain RNA molecules in the nucleus but may depend on additional factors as well. It should be emphasized that these results were based on 2 h pulse-labelling experiments. Shorter pulses may lead to quite different conclusions.
After reaching a plateau at about 4o h p.i., the time course of the different RNA fractions diverges again, this time showing the reverse effect compared to the early phase. The decrease in the amount Of newly synthesized virus RNA in the cytoplasmic fraction does not seem to be due to erroneous transcription, for even very late in the replication cycle (66 h p.i.), full length mRNA is synthesized and transported to the cytoplasm (Fig. 2) .
The size class analysis of the newly synthesized virus RNA reflects the characteristics of the kinetic experiments discussed above in that the specific size classes of early virus mRNA continue to be synthesized even after virus DNA replication had started between I2 to I4 h p.i. (Scheidtmann et al. I975) .
Although the occurrence of minute amounts of late virus mRNA cannot be excluded for 7IO K. H. SCHEIDTMANN, H. MANSI-WOTHKE AND W. DOERFLER the time period between i2 and 22 h p.i. the predominance of the early mRNA is obvious (c.f. Fig. 2) . A correlation between adenovirus DNA replication and late gene expression has been demonstrated by several authors using different tools such as DNA-ts mutants (Carter & Ginsberg, 1976; Ginsberg et al. 1977) or inhibitors of DNA synthesis (Lucas & Ginsberg, 1971 ; Craig & Raskas, 1974) . Our results, however, suggest a somewhat more complex interrelationship between DNA replication and late transcription. The analysis of nuclear RNA pulse-labelled for 2 h should be suitable to answer the question of whether specific mRNA size classes accumulate in the nucleus before they are transported to the cytoplasm. Such an accumulation of late RNA during the lag period between the onset of virus DNA replication at I2 to 14 h p.i. (Scheidtmann et al. I975 ) and the time when late transcription products can be detected in the cytoplasm was not observed.
On the other hand, at 2 to 4 h p.i., when no distinct virus RNA size classes can be detected in the cytoplasm, Adi2-specific RNA of 12 to 14 S was found in the nucleus.
The question arises whether this size class represents one of the earliest signs of virus gene expression after infection leading to the subsequent expression of the remaining early genes. The existence of a 'pre-early' gene, the expression of which appears to be a pre-requisite for early transcription, has been postulated by Berk & Sharp (I977a) .
Two major results emerged from the size analysis of nuclear RNA which was pulselabelled for IO min. First, virus transcripts extracted from nuclei early after infection did not seem to be larger than early mRNA. These results are similar to those described by Craig & Raskas (1976) for early Ad2-specific nuclear RNA. Recent results by Berk & Sharp (I977a, b) , however, suggest the existence of four independent promoter type functions, one for each of the early transcription blocks on the adenovirus genome. These findings and the occurrence of complementary transcripts described in this paper imply that several mRNAs are generated from a common precursor. Thus, processing seems to procede extremely fast during the early phase and transcripts larger than mRNAs are therefore hardly detectable.
Second, late virus RNA in the nucleus consists of very large molecules of a size up to 55S. The different size classes of virus-specific RNA observed in the high mol. wt. region (Fig. 4c ) might represent primary transcription products of different size or RNA derived from the processing of a unique large transcription unit. Both possibilities are consistent with reports from other laboratories which have described the existence of a single initiation site at position o.16 on the physical map of the Ad2 genome from which the synthesis of a large transcription unit starts (Bachenheimer, 1977; Evans et al. 1977; Goldberg et al. 1977; Weber et al. I977; Weinmann & Aiello, 1978 ) .
Our data demonstrate that 8o ~ of the AdI2-specific RNA synthesized during a IO min pulse-labelling period is polyadenylated and that the bulk of this RNA is of high mol. wt. co-sedimenting as a rather heterogeneous peak with the total nuclear RNA. This finding is consistent with the hypothesis that transcription of the late transcription unit proceeds to the 3' end of individual mRNA molecules where polyadenylation occurs prior to further processing.
In previous reports we have demonstrated the existence of overlapping regions of transcription on the complementary strands of Ad12 DNA (Ortin et al. i976; Scheidtmann & Doerfler, 1977) . Reports from other laboratories on symmetrical transcription vary with respect to the extent of this transcription from 3o9/o (Smiley & Mak, I976) to more than 9o~ (Sharp et aL 1974) .
By selecting self-complementary RNA we tried to determine more precisely the extent of and the region on the virus genome involved in symmetrical transcription. During the early phase, it occurs almost exclusively within the right hand part of the genome where three of the four early transcription blocks are located rather close to each other on both DNA strands (Ortin et al. I976) . It is conceivable that read-through transcription of this region connects the two leftward transcription blocks E2 and E4 (Fig. 8) .
During the late phase of infection both DNA strands are transcribed completely, but the R strand and both termini of the virus chromosome are expressed at considerably higher frequencies.
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